Abstract-A double balanced (DBM) CMOS mixer providing high linearity is presented in this paper. A cross-coupled pair used in the IF stage of the mixer to dynamically inject current into the to mixer provide a high linearity. The proposed DBM was fabricated using a standard 130-nm CMOS process and was tested on-wafer. The double balanced mixer delivers 10 dB conversion gain, 9.5 dBm IIP3, and input P1dB of -2.4 dBm. RF bandwidth of the proposed mixer is 6 GHz, covering 0.5 GHz to 6.5 GHz with IF bandwidth of 300 MHz. RF to IF and LO to IF isolation are also better than 59 dB in the whole frequency band. The circuit uses an area of 0.015 mm 2 excluding bonding pads and draw 4.5mW from a 1.2V supply.
I. INTRODUCTION
A key challenge in the design of the active mixers is providing acceptable linearity, conversion gain and, noise figure (NF) in recent CMOS nodes with reduced power consumption. Due to the trade off between conversion gain, NF, power consumption, and linearity measures (P 1dB and IIP3) of the mixer, different methods have been implemented to improve linearity and gain.
The main methods used to improve the performance of the active mixers are current bleeding [1] , folded-switching [2] - [4] and biasing of RF and LO devices separately and with different currents [5] - [7] . Although all these methods lead to better performance, power consumption increase is inevitable. Moreover, these designs often rely on inductors, leading to higher overall size of the mixer and limiting its frequency response.
In this work, a novel dynamic current injection method is proposed to improve the linearity of the mixer while it also makes it possible to increase the conversion gain further. A cross coupled pair is used to dynamically inject current into the mixer, avoiding compression in the output nodes.
II. SINGLE BALANCED IMPLEMENTATION WITH AUXILIARY PAIR
The linearity and NF in an active commutating mixer is mostly determined by the overdrive voltage and current draw of the RF stage, which degrades the mixer's conversion gain and voltage overhead. The inverse also holds: if the mixer's gain is increased then its linearity is degraded. Use of external current sources to provide part of commutating current, lets the designer to improve the linearity further. Figure 1 shows the schematic of the proposed mixer with cross coupled pMOS devices in the IF stage. In the common mode state of LO waveforms, currents provided by dynamic current sources are at their minimum, and most of them pass through 4R L . By increasing the LO signal, all the circuit's current goes through the left hand-side eventually, leading to a voltage drop at node X. At the same time, the gate voltage of M 4 decreases, resulting in a higher current injection to node X and compensating for the voltage drop in the output. By this method, it is possible to always keep the minimum voltage of nodes X and Y above the minimum voltage headroom needed to keep the transistors in saturation and consequently avoiding linearity degradation in the output stage of the mixer. Figure 2 shows the variation of the output voltages at nodes X and Y with instant LO voltage in a conventional SBM (shown in Fig.3 ) and the proposed mixer with 4R L which could lead to 12 dB higher gain while maintaining the linearity limited to the input. Keeping M 1−3 in saturation all the time, ensures limited degradation in the linearity of the mixer while a higher gain is achieved. A pair of diode connected nMOS devices are utilized (M 6−7 ) to keep the overdrive voltage of M 6−7 and consequently, the injected current limited; avoiding M 6−7 from entering into triode region.
To investigate the dynamic current injection method by itself, the RF stage is kept to its most basic implementation. Nonetheless, the proposed method can be integrated with other mixer designs with modified RF stages such as current bleeding and current reuse mixer design techniques due to its completely isolated design from the RF part of the mixer.
For comparison, dynamic current injection method is applied to a basic mixer with 2 mA current consumption and maximum gain. The SBM with two different set of crosscoupled pairs which provide maximum injection current of The SBM with
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4 maximum current injection, shows 9.2 dB higher gain compare to the basic mixer while its P 1dB and IIP3 are improved by 4 dB and 6.25 dB and become -5.2 Table I .
The double-balanced version of the proposed mixer is shown in Fig.4 , and it is the circuit that was fabricated and whose results are presented in the next section.
III. DOUBLE BALANCED MIXER IMPLEMENTATION AND MEASUREMENT RESULTS
In DBM implementation, due to the symmetry of IF branches regarding the LO signal, dynamic current injection 978-1-5090-0698-4/16/$31.00 ©2016 IEEE devices are also symmetrical in the outputs and in every half period of the LO signal one of them is injecting the current in to the output nodes. The DBM with the dynamic current injection is fabricated using IBM 0.13-µm RF CMOS. A microphotograph of the fabricated chip is shown in Fig. 6 . The chip core occupies an area of 0.015 mm 2 , excluding the bonding pads. The circuit consumes 4.5 mW of dc power from a 1.2 V supply. Figure 7 shows the measured and simulated conversion gain results of the mixer in frequency range of 0.5 GHz to 7 GHz, for the dynamic current injection mixer, showing a 3-dB gain bandwidth from 0.5 GHz to 6.5 GHz . This large bandwidth was expected due to inductor-less design and limiting the modifications to the IF stage of the mixer. 9.52 and 10.56 are respectively, the measured and simulated IIP3 at this frequency. Isolation of the IF to RF and LO signals are also better than 59 dB in whole frequency band. A summary of the measured results and a comparison with other works is provided in Table II. 978-1-5090-0698-4/16/$31.00 ©2016 IEEE 
IV. CONCLUSION
A highly linear mixer with boosted gain, based on conventional Gilbert cell is demonstrated in this work. The use of cross-coupled pair to inject dynamic current into the IF stage is the mechanism used to maintain a high linearity while improving the gain. Experimental test on fabricated prototype showed 10 dB conversion gain alongside 9.5 dBm IIP3.
